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Abstract 
The aim of this study is to determine the students’ perceptions of mathematical proving who were attending the department of 
Mathematics and Computer Sciences in Arts and Science Faculty and the Department of Elementary School Mathematics 
Teaching in Education Faculty. For this purpose, the scale developed by Almedia (2001) and adapted to Turkish by MoralÕ,
U÷urel, Türnüklü and Yeúildere (2006) was administered to the students in related departments. The findings of this study were 
statistically examined in terms of the students’ departments and of their certain characteristics. 
Keywords:Mathematical Proof; Students’ Perception of mathematical proof; Factor analysis; ANOVA; independent t test 
1. Introduction 
Nowadays, mathematics stands out in examinations for placement in universities, in science high schools and in 
private high schools as well as for job acceptance. This situation raises the importance of mathematics education in 
primary and secondary schools and requires good-quality education in mathematics. 
Teachers have an important role in a good-quality education in mathematics. The majority of graduates from the 
Department of Mathematics in Science and Arts Faculties and from the Department of Mathematics Teaching in 
Education Faculties teach at schools of the Ministry of National Education. Therefore, the students attending these 
departments at universities are supposed to learn the entire structure of mathematics.  
The axiomatic structure of mathematics is intensively used in teaching such subjects related to the department of 
mathematics as algebra, geometry and topology in the departments of Mathematics at universities. In order for 
students to become successful in these courses, they are expected to know the axiomatic structure of mathematics. 
Students should be taught why mathematical proof is important, what a proof is, and how mathematical proof is 
structured so that students can understand this structure.  
 Although proving is important in advanced mathematics lessons, it is a process which students experience 
difficulty understanding; in which they fail; in which they feel they will fail; and which they generally dislike. A 
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number of studies show that students have difficulties in proving and that they do not have enough knowledge about 
the structure of mathematical proof. 
Moore (1994) determined seven major sources of difficulties that university students taking mathematics 
education experience in constructing proofs: 
x The students did not know the definitions. That is, they were unable to state the definitions. 
x The students had little intuitive understanding of the concepts. 
x The students’ concept images were inadequate for doing the proofs. 
x The students were unable, or unwilling, to generate and use their own examples. 
x The students did not know how to use definitions to obtain the overall structure of proofs. 
x The students were unable to understand and use mathematical language and notation. 
x The students did not know how to begin proofs. 
Gibson (1998) reported that students’ problems about mathematical proof are related to four factors. These 
factors are understanding of the rules and nature of proof, conceptual understanding, proof techniques and strategies, 
and cognitive load. 
Baker and Campbell (2004) observed that students struggle with the correct use of logical arguments and the 
precision of mathematical language.  In addition, they noted that students often start to prove before they evaluate 
the statement of propositions.  
Weber (2006) classified the causes of students’ difficulties in mathematical proof in three categories. The first 
category was related to students’ inadequate conception knowledge about mathematical proof. The second category 
of students’ difficulties included their misunderstanding of a theorem or a concept and misapplying it. The third 
category dealt with students’ inadequacy in developing strategies for proof. 
Edwards and Ward (2004) mentioned that students can not use mathematical definition or construct the relation 
between every day and mathematical languages.  
Knapp (2005) based students’ difficulties in constructing proof on two main causes. The first was that students do 
not know how to use logic and language of proof. The second was students’ lack of specific knowledge about 
definitions, theorems and heuristics and of ability to generate examples. 
Dreyfus (1999) implied that students do not have the ability to write proof and that they can not express what 
they think. 
The difficulties which students experience in proving are, to a certain extent, related to how they perceive 
proving. When students are unwilling to prove a theorem, they are unsuccessful in proving it. However, the 
importance of proving in mathematics education can not be ignored. Therefore, the first step in helping students 
overcome such difficulties is to determine their perceptions about proving. 
The purpose of the present study is to determine and compare the students’ perceptions of mathematical proving 
who were attending the department of Primary School Mathematics Teaching and the department of Mathematics in 
Arts and Science Faculty. In addition, the study aims at comparing the students’ perceptions of proving in terms of 
their gender, class and in-class achievement levels as well as how successful they feel they are. 
2. Method 
In this study, a five-point likert-type scale developed by Almedia (2001) and adapted into Turkish by MoralÕ,
U÷urel, Türnüklü and Yeúildere (2006) was used in order to determine students’ perceptions of proving. The 
positive statements or those accepted for proving were graded by giving 5 points to the response of “strongly agree” 
and 1 point to the response of “strongly disagree”. Some statements including negative views were graded after they 
were inverted. The scale consisted of twenty statements defining students’ perceptions of proving. For the reliability 
of the scale, Cronbach alpha coefficient was calculated and found as 0.8562. In addition, the questionnaire also 
included questions about the demographic background of students. 
The questionnaire used in the study was administrated to a total randomly chosen 444 students, 271 of whom 
were attending the department of Mathematics and Computer Sciences in Arts and Science Faculty and 173 of 
whom were attending the Department of Elementary School Mathematics Teaching in Education Faculty at 
Osmangazi University, Eskisehir.  
The survey data were coded and analyzed using SPSS package programme. During the analysis, descriptive 
statistics such as frequencies, ratios and percentages related to the statements and characteristics of students were 
calculated. In addition, independent sample t-test and ANOVA were used to examine the differences between the 
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means of two populations and more than two populations, respectively. Moreover, factor analysis used to find fewer 
independent variables by combining the variables correlated with each other was applied (TatlÕdil, 2002). Therefore, 
fewer independent variables from the scale made up of 20 statements were obtained using this technique. 
3. Results (Findings) 
According to do results of the analysis, 68.5% of the students were female and the rest of the participants were 
male. Approximately, 18% of the students were freshman, 36% were second-grade, 26% were third-grade, and 19% 
of the students were senior students. 10.2% of the participants found themselves unsuccessful in Mathematics, 
68.2% successful at intermediate level, and 20.5% of them found themselves successful in mathematics. However, 
34.7% of the students found themselves unsuccessful in proving, 56.8% successful at intermediate level, and only 
8.6% of the students found themselves successful. 59.34% of the students considering themselves successful in 
mathematics and 60.53% considering themselves as successful in proving were students in the department of 
Mathematics and Computer Sciences. 
In this study, the frequency information for students’ agreement levels on statements in the scale is given in Table 
1.
Table 1. The Frequency Information for Student’s Agreement Levels on proving
Strongly
Disagree
Disagree Doubtful Agree Strongly Agree 
Statement 
Freq. (%) Freq. (%) Freq. (%) Freq. (%) Freq. (%) 
S1 8 1.8 37 8.3 54 12.2 263 59.2 82 18.5 
S2 8 1.8 26 5.9 66 14.9 250 56.3 94 21.2 
S3 26 5.9 98 22.1 67 15.1 169 38.1 84 18.9 
S4 16 3.6 44 9.9 65 14.6 187 42.1 132 29.7 
S5 25 5.6 49 11 72 16.2 211 47.5 87 19.6 
S6 90 20.3 93 20.9 64 14.4 148 33.3 49 11 
S7 129 29.1 230 51.8 47 10.6 28 6.3 10 2.3 
S8 82 18.5 115 25.9 78 17.6 131 29.5 38 8.6 
S9 79 17.8 125 28.2 124 27.9 90 20.3 26 5.9 
S10 60 13.5 136 30.6 180 40.5 55 12.4 13 2.9 
S11 11 2.5 43 9.7 86 19.4 248 55.9 56 12.6 
S12 15 3.4 48 10.8 78 17.6 227 51.1 76 17.1 
S13 6 1.4 17 3.8 30 6.8 274 61.7 117 26.4 
S14 72 16.2 163 36.7 109 24.5 92 20.7 8 1.8 
S15 24 5.4 93 20.9 98 22.1 189 42.6 40 9.0 
S16 33 7.4 60 13.5 75 16.9 198 44.6 78 17.6 
S17 66 14.9 106 23.9 126 28.4 117 26.4 29 6.5 
S18 102 23 105 23.6 105 23.6 99 22.3 33 7.4 
S19 66 14.9 218 49.1 92 20.7 61 13.7 7 1.6 
S20 59 13.3 122 27.5 115 25.9 123 27.7 25 5.6 
When Table 1 was examined, it was seen that the majority of the students responded as “strongly agree” and 
“agree” to the first six statements and to the sixteenth statement. These responses revealed that the students 
considered the place of proving in mathematics teaching as important yet they find it unnecessary to prove theorems 
already proved by famous mathematicians. While, in the present study, a number of students were found to agree on 
the third statement, it was revealed in a study conducted by MoralÕ, U÷urel, Türnüklü and Yeúildere (2006) that 
students were undecided about the third statement and that they favoured proving that depends on numerical proof. 
This difference might have resulted from the fact that only 18% of the students participating in the present study 
were freshman. It could thus be stated that when students in higher grades, they favour numerical proving less and 
that they gain the strategies in proving during their education. In addition, it was found out that the level of 
agreement on the eleventh, twelfth, thirteenth and fifteenth statements were high. Depending on these statements, it 
could be stated that students’ methods of understanding a proof are similar to each other’s. The high level of 
students’ disagreement on the seventh, eighth and ninth statements shows that they understand the strategies of 
proving, that they even want theorems to be proven whose proofs are clear, and that they themselves dislike proving, 
though. In addition, the high level of students’ disagreement on the nineteenth and twentieth statements 
demonstrates that students’ self-efficacies in proving are low. The low level of students’ agreement on the tenth, 
fourteenth and eighteenth statements and the high number of undecided students revealed that the students were able 
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to understand and liked the proofs of the theorems when they examined them and that they did not trust their own 
proving abilities, though. 
In order to see how the statements were grouped in the scale, factor analysis was applied, and five independent 
variables were obtained using varimax rotation technique. The ratio of explanation of the total variability with these 
five factors was found to be 54.8%. The first factor included the statements number 9, 10, 14, 18, 19 and 20. This 
factor shows students’ self-efficacy in proving. The second factor comprised of the statements number 11, 12, 13, 
15, 16 and 17 and shows students’ ability to comprehend a proof. Third factor made up of the statements number 4, 
5, 7 and 8 determines students’ views about the necessity of proving. The fourth factor consisting of the first and 
second statements shows students’ perceptions of the place of proof in mathematics. As for the fifth factor, the fifth 
factor comprising of the third and fifth statements reveals students’ opinions about the example-proof relationship.  
The researchers of the present study also investigated whether students’ overall perception levels regarding 
proving differed or not with respect to their certain characteristics such as their departments, classes, how successful 
they feel they are in mathematics, and how successful they feel they are in proving. For this purpose, students’ 
overall perception levels regarding proving were calculated by using the total scores of the students’ responses to the 
statements in the scale. 
In order to reveal whether there were differences or not in students’ overall perception levels for proving with 
respect to their departments, independent sample t-test was run. The results are shown in Table 2 below.  
Table 2. Comparison of students’ perception levels in terms of their departments
Department n Mean t df p 
Primary Math Education 173 63.1329 
Math. and Computer Sciences 271 63.2620 -0.119 442 0.905 
Table 2 shows whether the students’ overall perception levels for proving statistically differed with respect to 
their departments. In addition, for the purpose of finding answers to the question of whether the students’ perception 
levels for five factors obtained through factor analysis were different or not in terms of their certain characteristics, 
independent sample t-test was applied. The results are seen in Table 3. In order to find a student’s total score for a 
factor, the scores of the responses given by the student to the statements in the factor were multiplied to factor loads, 
which show related coefficients between these statements and the factors. Following this, the scores obtained as a 
result of multiplication with respect to the statements were summed up (BalcÕ, 2001). This sum gave the total score 
of the student about the factor. 
To investigate whether there were differences or not in students’ perception levels for five factors obtained 
through factor analysis with respect to their departments, independent sample t-test was run. The results are 
presented in Table 3. 
Table 3. Comparison of students’ perception levels for factors in terms of department
Factor Department n Means t df p 
Primary Math Education 173 9.6352 
1.Factor Math. and Computer Sciences 271 9.7214 -0.236 442 0.814 
Primary Math Education 173 11.1177 
2.Factor Math. and Computer Sciences 271 11.1504 -0.178 442 0.859 
Primary Math Education 173 6.6996 
3.Factor Math. and Computer Sciences 271 6.9718 -1.350 393.598 0.178 
Primary Math Education 173 5.5359 
4.Factor Math. and Computer Sciences 271 5.6596 -1.161 442 0.246 
Primary Math Education 173 5.1898 
5.Factor Math. and Computer Sciences 271 5.0065 1.537 415.331 0.125
   
According to Table 3, it could be stated that the students’ perception levels for proving for the factors did not 
statistically differ in terms of their departments. Regardless of their departments, all the participants in the study had 
similar views about proving, their ability to understand proving, necessity of proving, the place of proving in 
mathematics, and about the example-proof relationship. 
In order to reveal whether the students’ perception levels for proving in terms of their class-grad, one-way 
ANOVA was applied. The results are given in Table 4. 
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Table 4. Comparison of students’ perception levels in terms of their class-grade
Source of Variation Sum of Squares df Mean Square F p 
Between groups 909.128 4 227.282 
Within groups 53920.971 439 122.827 1.850 0.118 
Total 54830.099 443    
Table 4 shows that the students’ overall perception levels for proving in terms of their class-grade did not differ 
statistically.
In addition, the researchers of the present study investigated whether, in terms of their class-grades, there were 
differences or not among the students’ views about their self-efficacies in proving, their ability to understand 
proving, the necessity of proving, the place of proving in mathematics, and about example-proof relationship. The 
results are shown in Table 5. 
Table 5. Comparison of students’ perception levels for factors in terms of their class-grades
Factors Source of Variation Sum of Squares df Mean square F p 
Between groups 34.165 4 8.541 
Within groups 6197.858 439 14.118 0.605 0.659 
1.Factor Total 6232.023 443    
Between groups 35.673 4 8.918 
Within groups 1536.163 439 3.499 2.549 0.039* 
2 Factor Total 1571.836 443    
Between groups 31.344 4 7.836 
Within groups 1962.642 439 4.471 1.753 0.137 
3.Factor Total 1993.987 443    
Between groups 8.082 4 2.021 
Within groups 523.782 439 1.193 1.694 0.150 
4.Factor Total 531.865 443   
Between groups 36.277 4 9.069 
Within groups 691.258 439 1.575 5.760 0.000*
5.Factor Total 727.534 443    
According to Table 5, it could be stated that at a significance level of 0.01, there is a statistical difference in terms 
of class-grades between the students’ views about their ability to understand proving (Factor 2) and about the 
example-proof relationship (Factor 5). The mean scores of the students from the class-grades 1, 2, 3 and 4 were 
found as 20.96, 21.83, 20.37 and 20.72, respectively. The fact that the mean scores of the class-grade 1 and 2 were 
higher than those of the class-grades 3 and 4 could be considered as a contradiction. However, the cause of this 
could be the fact that pure mathematical proofs given in class-grades 1 and 2 are fewer than class-grades 3 and 4 in 
Higher Education Mathematics Teaching. Therefore, third-grade students and senior students have difficulties in 
understanding pure mathematical proofs. This situation has also been reflected into the students’ responses in the 
present study. 
Regarding their views about the example-proof relationship, the mean scores of the students in class-grades 1 and 
4 were found to be 6.26 and 7.14, respectively. This result shows that students strongly believe in their early years of 
their university education that they can prove a theorem through an example. The present result also shows that in 
later years, students learn that this is a false strategy of proving.  
The present study also investigated whether there were differences between students’ views about proving in 
terms of how successful they feel they are in mathematics. The results are presented in Table 6. 
Table 6 Comparison of students’ perception levels in terms of how successful they feel they are in mathematics
Source of Variation Sum of Squares df Mean square F P 
Between groups 2751.641 4 687.910 
Within groups 52078.458 439 118.630 5.799 0.000* 
Total 54830.099 443    
According to Table 6, it could be stated that students’ views about proving statistically differ with respect to the 
level of how successful they feel they are in mathematics. 
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Table 7 shows the results regarding whether students’ views about the factors regarding proving differ with 
respect to how successful they feel they are in mathematics. 
Table 7. Comparison of students’ perception levels for the factors in terms of how successful they feel they are in mathematics
Factors Source of Variation Sum of Squares df Mean Square F P 
Between groups 390.128 4 97.532 
Within groups 5841.895 439 13.307 7.329 0.000* 
1. Factor Total 6232.023 443    
Between groups 32.740 4 8.185 
Within groups 1539.096 439 3.506 2.335 0.055* 
2. Factor Total 1571.836 443    
Between groups 60.988 4 15.247 
Within groups 1932.999 439 4.403 3.463 0.008* 
3. Factor Total 1993.987 443    
Between groups 34.239 4 8.560 
Within groups 497.626 439 1.134 7.551 0.000* 
4. Factor Total 531.865 443   
Between groups 28.980 4 7.245 
Within groups 698.555 439 1.591 4.553 0.001*
5. Factor Total 727.534 443    
When Table 7 is examined, it is seen that, in terms of how successful students feel they are in mathematics, there 
are differences between students’ views about their self-efficacies in proving, their ability to understand proving, the 
necessity of proving, the place of proving in mathematics, and about the example-proof relationship. When the mean 
scores of the students are considered, it is seen that the scores of the students who find themselves successful in 
mathematics  s of grades are higher for all the factors.  
Table 8 presents the results regarding whether there are differences between students views about proving in 
terms of how successful students feel they are in proving.  
Table 8. Comparison of students’ perception levels in terms of how successful they feel they are in proving 
Source of Variation Sum of Squares df Mean Square F P 
Between groups 10765.905 4 2691.476 
Within groups 44064.194 439 100.374 26.814 0.000* 
Total 54830.099 443    
Table 8 demonstrates that students’ views about proving statically differ with respect to how successful they feel 
they are in proving.  
Furthermore, for each factor, the null hypothesis that there is no difference in students’ perception levels in terms 
of how successful they feel they are in proving was tested. The results are shown in Table 9. 
Table 9. Comparison of students’ perception levels for factors in terms of how successful they feel they are in proving
Factors Source of Variation Sum of squares df Mean square F P 
Between groups 2010.771 4 502.693 
Within groups 7279.470 439 16.582 30.316 0.000* 
1. Factor Total 9290.241 443   
Between groups 609.734 4 152.433 
Within groups 5509.347 439 12.550 12.146 0.000* 
2. Factor Total 6119.081 443   
Between groups 554.296 4 138.574 
Within groups 4361.127 439 9.934 13.949 0.000* 
3. Factor Total 4915.423 443    
Between groups 46.960 4 11.740 
Within groups 963.680 439 2.195 5.348 0.000* 
4. Factor Total 1010.640 443    
Between groups 33.986 4 8.497 
Within groups 1377.120 439 3.137 2.709 0.030*
5. Factor Total 1411.106 443    
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When Table 9 is examined, it is seen that students’ views about the factors regarding proving statistically differ 
with respect to how successful they feel they are in proving. In addition, the mean scores of the students revealed 
that the students finding themselves successful in proving had higher scores for each factor. 
Finally, according to Table 7 and Table 9, it could be stated that students finding themselves more successful in 
mathematics and proving are better able to understand proving and had higher self-efficacies in proving and that 
they are more conscious students regarding their views about the necessity of proving, the place of proving in 
mathematics and about the example-proof relationship. 
4. Results and Discussion
 As a result of the analysis conducted, it was revealed that even the majority of students finding themselves 
successful in mathematics do not trust their proving abilities and that they can though understand the proof of a 
theorem when they examine it. This result shows that students memorize a number of theorems and proofs that they 
learn in mathematics during their education and that they can not fully benefit from the proving methods. 
 It is important that students acquire and internalize the skills in proving in their field courses in the mathematics 
departments of both Science and Arts Faculty and Education Faculty. Additionally, proving is included in the 
elementary and secondary education curriculums. However, the present study revealed that even successful students 
had negative views about proving. The reason for this could be the fact that success of the students and teachers in 
elementary and secondary schools in our country depends on the student placement tests either conducted during 
secondary school education or at the end of high school education and that these placement tests do not include any 
questions measuring the proving abilities of students. Therefore, students are of opinion that learning methods of 
proving is not necessary and that mathematical proofs can only be made by professional mathematicians. It is 
possible to change this thought if activities that help students gain the proving abilities and exams that measure their 
proving abilities are included in the elementary and secondary school education systems. 
 In the study, the students who found themselves successful in the field of mathematics and in proving had 
positive views about proving than the other students. Considering the fact that approximately 60% of the students 
finding themselves successful were attending the department of Mathematics and Computer Sciences, it could be 
concluded that the purpose of these students is to become professional mathematicians in the future. 
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